Summary: Lateral condyle fractures are intra-articular injuries of the distal humerus and are the second most common elbow fracture in pediatric patients. When these fractures involve significant displacement, anatomic reduction of the lateral condyle fragment is commonly achieved using open reduction techniques. Although a technique for closed reduction of lateral condyle fractures has been proposed in the literature, an instructional, step-by-step description of such a technique has yet to be published. We have built upon the previously published closed reduction technique by focusing on the pathomechanism of injury, with the goal of making successful closed reduction more reliably reproducible across treating surgeons. Specifically, this article provides step-by-step descriptions of the proposed mechanism of injury, reduction technique, pinning technique, arthrogram/casting technique, and suggested follow-up for pediatric patients with lateral humeral condyle fractures.
L
ateral condyle fractures are intra-articular injuries of the distal humerus and are the second most common elbow fracture in pediatric patients. 1 Unlike supracondylar humerus fractures, lateral condyle fractures are rarely associated with neurovascular injury and do not require urgent treatment unless they involve a dislocated joint (Song 5 or valgus-impaction type-see below). When significant displacement is present, accurate reduction of the chondroepiphysis, which contains the entirety of the articular surface, minimizes complications such as malunion, limited elbow range of motion, and cubitus varus/valgus. 2, 3 Typically, anatomic reduction of displaced lateral condyle fractures is achieved using open reduction techniques as the fragment contains no structure (periosteum or articular cartilage) to key in the fracture fragment and the chondroepiphysis cannot be imaged with standard radiographic imaging. Although a technique for closed reduction of lateral condyle fractures has been proposed in the literature, an instructional, step-by-step description of such a technique has yet to be published. 1, 2 In light of this, we have built upon the previously published closed reduction technique by focusing on the pathomechanism of injury, with the goal of making successful closed reduction more reliably reproducible across treating surgeons. Although the mechanism and pathoanatomy underlying lateral condyle fractures remains controversial, we believe that a thorough understanding of these concepts is critical to the success of closed reduction methods.
Much of the controversy in the literature stems from disagreement as to whether the deforming force of this injury results from the impaction of the radial head against the lateral condyle or is instead caused by an avulsion mechanism of the extensorsupinator muscles (mobile wad) pulling off the lateral condyle. 4 Although both of these mechanisms likely play a role in producing fractures of the lateral condyle, we are proposing a reduction technique focused on injuries that have occurred via the avulsion mechanism. It is through an appreciation of how the distinct position of the forearm in space creates this force that one can utilize closed reduction with reliable success. Specifically, the position of the forearm is characterized by a fall on an outstretched arm while the elbow and the wrist are extended, and the forearm is pronated. The resulting avulsion force is the product of a varus moment at the elbow applied concomitantly with the concentric contraction of the wrist extensors, both of which act on the lateral condyle (Fig. 1) . It is this mechanism in particular, that creates a fracture that is amenable to closed reduction (see Video, Supplemental Digital Content 1, http://links.lww.com/TIO/A17, which shows how concomitant pronation, varus, and traction apply a distracting force on the lateral condyle and displace it from the joint space). Fractures that result from this mechanism are well classified using the Song and Jakob classification systems 1 (Supplemental Fig. 1 , Supplemental Digital Content 2, http://links. lww.com/TIO/A18). This is in contrast to the valgus-impaction type of lateral condyle fracture (we refer to as the "Song 6"), which is the result of a fall directly onto the elbow and accounts for a small percentage of lateral condyle fractures that cannot be treated with closed reduction 3 [see Video 2, Supplemental Digital Content 3, http://links.lww.com/TIO/A16, which shows a lateral view of supination, valgus, and impaction resulting in a lateral condyle fracture with concomitant ulnohumeral dislocation].
PREOPERATIVE EVALUATION
Song 1 fractures, in which the fracture line is confined to the bony metaphysis and clearly does not enter the chondroepiphysis, can be accurately evaluated on plain radiographs alone, with emphasis of obtaining an internal oblique to assess maximal displacement. 5 However, it can be very difficult and often impossible to accurately differentiate between an equivocal Song 1 to 3 fracture on plain films. Because the fracture line enters the chondroepiphysis, which cannot be evaluated by standard radiography, advanced imaging is required to accurately evaluate the extent of the fracture and the amount of displacement at the articular surface. For this reason, until other noninvasive modalities have been well established, if the extent of the fracture is within the chondroepiphysis and it is difficult to determine whether the articular hinge is intact from radiographs, we advocate the use of an intraoperative arthrogram to determine whether the fracture extends completely through the chondroepiphysis thereby compromising the articular hinge. The arthrogram is obtained either diagnostically at the onset to determine treatment (Song 2 to 3) or after reduction and fixation is completed in fractures with significant displacement on plain films (Song 4 to 5). The technique for obtaining an arthrogram is detailed below (see the Arthrogram/casting techniques section).
Operating Room Setup
We have found that the reduction technique outlined below accommodates multiple variations in OR setup based on surgeon preference and comfort. There are a few important elements to the OR setup, however, which are common across these variations. We uniformly position the patient such that the operative arm is at 90 degrees to the torso. This positioning allows the surgeon to easily manipulate the arm into the positions necessary to obtain AP, lateral, and oblique fluoroscopic images throughout the procedure. In addition, the C-arm is always positioned on the operative side of the table and brought in from the foot of the bed with the surgeon standing at the patient's head. This facilitates easy access to the lateral elbow in cases when an open reduction is required.
Treatment Technique
Lateral Condyle Fractures With an Articular Hinge that Clearly do not Enter the Chondroepiphysis (Song 1, Jakob 1)
With disrupted periosteum and metaphyseal fracture proximally, but with clear evidence that the fracture line does not enter the chondroepiphysis, the treating surgeon can be assured that the articular hinge (distal) is intact. Although these fractures do not displace, the forearm can be manipulated into supination with wrist extension to relax the deforming musculature (extensor/supinator) and casted.
Lateral Condyle Fractures With an Articular Hinge
With Uncertain Involvement of the Chondroepiphysis (Song 2, Jakob 1)
If the extent of the fracture is within the chondroepiphysis and it is difficult to determine whether the articular hinge is intact from radiographs, we perform an examination under anesthesia with an arthrogram. If the fracture enters the chondroepiphysis but does not extend to the articular surface (Song 2) the lateral condylar fragment is not freely mobile and therefore can be "keyed" and compressed. The forearm is manipulated into supination with wrist extension to relax the deforming musculature (extensor/supinator) and a valgus force is applied to the elbow, utilizing the radial head to push the lateral condyle fragment into its fully reduced native position with the articular cartilage "keying" in the fragment (Fig. 2) . The surgeon may choose to either cast in this position (closed reduction with manipulation) or percutaneously pin the fragment (closed reduction with manipulation and percutaneous pinning technique described below). Fixation arthrograms are not required if the surgeon determined the articular hinge to be intact.
Lateral Condyle Fractures Without an Articular Hinge (Song 3 to 5, Jakob 2 to 3)
Without intact periosteum (proximal) or an articular hinge (distal) the lateral condylar fragment is freely mobile. This produces 2 difficulties that must be overcome, regardless if treated by a closed or open reduction. First, if the lateral condylar fragment is subluxed/dislocated (Song 4 to 5) the elbow collapses into valgus preventing adequate space for the fracture fragment (Fig. 3) . Second, any compressive force on the lateral condylar fragment, such as the radial head with the elbow positioned in valgus, may induce superior translation of the fracture fragment and subsequent loss of reduction (Fig. 4) . The reduction of these fractures therefore requires 2 additional steps as compared with the Song 2.
Step 1: Restore the lateral condylar fragment back to its natural position within the radiocapitellar joint (Fig. 5) . The surgeon should begin by recreating the injury to open up the space needed to reduce the fracture fragment. This is accomplished by pronating the forearm and applying a gentle varus stress in elbow extension with gentle traction. This maneuver widens the lateral joint space and utilizes the mobile wad to distract the fragment, putting the piece in a position where it can be manipulated back to its point of origin. To do so, the surgeon's thumb is placed posterior to the fragment and provides an anterior and proximal directed force to reduce the fragment into the radiocapitellar joint.
Step 2: Prevent proximal translation of the fracture fragment when using the radial head with a valgus force to compress the fracture fragment to the distal humerus (Fig. 5) . As described above, the surgeon then uses the radial head and valgus stress to compress the fragment. However, with complete disruption of periosteum and the articular cartilage there are no structures to prevent superior translation with this reduction maneuver, and often the fragment is merely displaced again. To overcome this obstacle, the surgeon's thumb is positioned to function as an "antiglide buttress." Specifically, the thumb is placed on the posterolateral surface of the fragment to prevent proximal migration while applying a valgus stress at the elbow. These reduction steps are typically performed with the elbow positioned at ∼45 degrees of flexion although this can vary depending on the individual fracture. Reduction is then verified with c-arm imaging. The fixation and arthrogram are then performed (see the Arthrogram/casting techniques section below). The valgus position of the elbow must be maintained during surgical fixation and although this technique can be accomplished without assistance, it is substantially easier with 1 surgeon obtaining the reduction while a second inserts the fixation pins.
Fixation Technique
For any operative lateral condyle fracture, once an acceptable reduction is obtained, the surgeon can then proceed to place smooth wire fixation. We typically use three 2.0-mm pins in a divergent pattern. 6, 7 The first pin is directed through the middle of the fracture fragment and across the olecranon fossa with the starting point typically just anterior to the assistant's thumb that is serving as an antiglide buttress. This initial pin placement allows for fine tuning of the articular surface if necessary before the placement of the second pin across the trochlear region. While inserting the trochlear pin we find it helpful to place an index finger across the elbow on the medial epicondyle and provide an additional compression across the fracture as well as acting as a guide for the pin across the trochlea. A third pin is placed that is directed up the lateral column (Fig. 6) . Finally, although not reported, the surgeon should be aware of the anatomic location of the radial, median, and ulnar nerves in relation to the pins to avoid iatrogenic injury (Supplemental Fig. 2 , Supplemental Digital Content 4, http://links.lww.com/TIO/A19).
Arthrogram/Casting Technique
For fractures that are to be definitively treated with longarm casting alone (Song 1 fractures always, Song 2 fractures based on surgeon preference), the arm should be casted with the forearm in 15 to 20 degrees of supination and a gentle valgus mold at the elbow. In those fractures requiring operative intervention because of a disrupted articular hinge, an athrogram after fixation is complete allows the surgeon to assess for adequate reduction of the chondroepiphysis, which is defined by congruity of the articular surface on AP, lateral, and internal oblique views of the elbow. 4, 5 The internal oblique view is essential as it shows the maximum displacement of the fragment in lateral condyle fractures. 5 There are multiple access points for insertion of the needle for the arthrogram, but our preferred location is posteriorly into the olecranon fossa (Fig. 7) . We use an 18-or 20-G needle to inject 1 to 3 mL of radiopaque dye diluted to 50% in normal saline. Once arthrogram imaging has confirmed an adequate reduction, the pins can be cut to the appropriate length and bent 90 degrees over sterile felt padding. This is followed by the application of sterile dressings and a long-arm cast with the elbow in 90 degrees of flexion and the forearm in a neutral position. Although compartment syndrome is an extremely rare complication of pediatric lateral condyle fractures, the cast may be univalved or bivalved depending on the clinical scenario and surgeon preference.
Follow-up
The patient is seen 1 week postoperatively for radiographic alignment check and long-arm cast overwrapping if the cast was univalved or bivalved. If the cast is not valved, the patient is seen 1 to 4 weeks postoperatively, based on surgeon preference. Subsequent follow-ups include a 4-week postoperative visit for radiographs out of the cast and pin removal in clinic if callus formation is progressing as evidenced by the beginnings of ossification along the area of periosteal disruption on the lateral condylar ridge. A long arm cast is reapplied for 2 weeks and the patient returns for a follow-up visit at 6 weeks postoperative, at which time repeat imaging is obtained and the cast is discontinued if adequate healing has been achieved.
